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(57) ABSTRACT

A fuel cell system and a method of operating the same. The
fuel cell system in particular includes an air discharge part
provided on the anode of a fuel cell, and a controller that is
configured to measure a purging period of recirculated hydro-
gen and an operating temperature of the fuel cell, and operate
the air discharge part based on the measured values to prevent
the anode from becoming poisoned due to the emission of CO
gases.

20 Claims, 6 Drawing Sheets
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1
FUEL CELL SYSTEM AND METHOD OF
OPERATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority of Korean Patent Applica-
tion Number 10-2013-0079530 filed on Jul. 8, 2013, the
entire contents of which application are incorporated herein
for all purposes by this reference.

BACKGROUND

1. Technical Field

The present invention relates to a fuel cell system and a
method of operating the same capable of preventing an
increase in a carbon monoxide (CO) concentration and CO
poisoning on an anode in a hydrogen side recirculation sys-
tem when fuel starvation occurs on the hydrogen side during
operation of a fuel cell vehicle.

2. Description of the Related Art

During operation of a fuel cell, fuel-starvation may occur
on the hydrogen side of the system if the hydrogen concen-
tration is reduced, thus resulting in the production of CO
gases. This means that there is a higher probability that CO
poisoning of an electrode catalyst on the hydrogen side of the
system may occur.

In a fuel cell system, hydrogen distribution is locally dete-
riorated when a channel is blocked due to moisture which is
diffused in the reverse direction on the cathode during opera-
tion. As a result, fuel-starvation occurs on the hydrogen side
of'the system, thereby creating a higher probability that CO is
generated on the anode.

These CO gases poison the catalyst and thus result in the
deterioration of the general performance of a fuel cell. When
the hydrogen concentration is reduced on the anode, the elec-
trode on the hydrogen side is CO-poisoned, so that the stack
performance of the fuel cell gradually deteriorates. There-
fore, there is a need for a technology that removes CO-poi-
soning on the hydrogen side and recovers the stack perfor-
mance by performing air-bleeding toward the hydrogen side
during an idle-stop interval or a shut-down interval of a fuel
cell vehicle for the purpose of recovering the stack perfor-
mance of the fuel cell.

The matters described as the related art have been provided
only for facilitating the understanding of the background of
the present invention and should not be construed as acknowl-
edging it as the prior art already known to those skilled in the
art.

SUMMARY

An object of the present invention is to provide a fuel cell
system and a method of operating the same capable of pre-
venting an increase in CO concentration and CO poisoning on
the anode in a hydrogen side recirculation system when fuel
starvation occurs on the hydrogen side during operation of a
fuel cell vehicle.

According to an exemplary embodiment of the present
invention, there is provided a fuel cell system, including: an
air discharge part provided on an anode of a fuel cell; and a
controller configured to measure purging degrees of recircu-
lated hydrogen and an operating temperature of the fuel cell
and operate the air discharge part based on values measured
by the controller to prevent the anode from being poisoned by
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CO gases. The air discharge part may be provided in a hydro-
gen circulation line or more specifically, in a hydrogen inflow
manifold.

The controller may increasingly operate the air discharge
part as the purging of recirculated hydrogen is decreased
and/or the operating temperature of the fuel cell decreases.

The controller may also be configured to calculate weights
based on the purging period and purging time of recirculated
hydrogen and the operating temperature of the fuel cell, and
operate the air discharge part when the weight exceeds the
operating period of the air discharge part. In doing so, the
controller may calculate weights during a corresponding
period at every hydrogen purging cycle, may sum the calcu-
lated weights with previously calculated weights, and may
operate the air discharge part when the accumulated
(summed) weights exceed a particular value for a particular
operating period.

Alternatively, the controller may calculate the weights
based on the hydrogen purging cycle, the purging times and
an average operating temperature of the fuel cell at every
hydrogen purging period. The hydrogen purging cycle in
some exemplary embodiments of the present invention may
be the amount of charges generated by the fuel cell.

Upon calculating the weights, the controller, if the accu-
mulated weights exceed the particular value for the operating
period, may operate the air discharge part when the fuel cell is
idle-stopped or shut down, and may initialize the accumu-
lated weights.

In yet a further exemplary embodiment of the present
invention, the controller may calculate weights based on the
purging period and purging time of hydrogen and the operat-
ing temperature of the fuel cell during the corresponding
interval regularly, may sum the calculated weights with pre-
vious calculated weights, and may operate the air discharge
part if the accumulated weights exceed a particular value
during the operating period of the air discharge part. In this
case, the controller may calculate the weights based on an
average hydrogen purging period, a hydrogen purging time,
and an average operating temperature of the fuel cell during
the corresponding interval regularly.

As such, the controller may operate the air discharge part
when the fuel cell is idle-stopped, and/or when the fuel cell is
shut down.

The controller may operate the air discharge part when the
fuel cell is idle-stopped, and operate the air discharge part if
the fuel cell is shut down without idle stop.

According to an exemplary embodiment of the present
invention, there is provided a method of operating the fuel cell
system, including: measuring, by a controller, the purging
period and purging time of recirculated hydrogen and the
operating temperature of a fuel cell; calculating, by the con-
troller, weights based on values measured by the controller to
compare the weights calculated by the controller with the
operating period of the air discharge part; and operating the
air discharge part when the weights reach the operating period
of the air discharge part and the fuel cell is idle stopped.

The method may further include, after the operating step,
operating the air discharge part when the fuel cell is shut down
if the weight reaches a particular value during the operating
period of the air discharge part but the vehicle is not idle-
stopped.

Additionally, comparing, by the controller, may include:
calculating weights based on the purging period and purging
time of hydrogen and the operating temperature of the fuel
cell during the corresponding interval at every hydrogen
purging period; summing the weight calculated by the con-
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troller with previous weights; and comparing the accumu-
lated weights with a particular value for the operating period
of the air discharge part.

The comparing may include: calculating weights based on
the purging period and purging time of hydrogen and the
operating temperature of the fuel cell during the correspond-
ing interval regularly; summing the weight calculated by the
controller with previously calculated weights; and comparing
the accumulated weights with a particular value associated
with the operating period of the air discharge part.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a fuel cell system according to
an exemplary embodiment of the present invention;

FIG. 2 is a flowchart illustrating a method of operating a
fuel cell system according to an exemplary embodiment of
the present invention;

FIG. 3 is a weight table of a fuel cell system according to an
exemplary embodiment of the present invention;

FIGS. 4 and 5 are diagrams for illustrating a method of
operating a fuel cell system according to various exemplary
embodiments of the present invention; and

FIG. 6 is a graph showing the effects of a fuel cell system
according to an exemplary embodiment of the present inven-
tion.

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

Hereinafter, a fuel cell system and a method thereof
according to embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles, fuel cell vehicles and other alternative fuel
vehicles (e.g. fuels derived from resources other than petro-
leum). As referred to herein, a hybrid vehicle is a vehicle that
has two or more sources of power, for example both gasoline-
powered and electric-powered vehicles.

Additionally, it is understood that the below methods are
executed by at least one controller. The term controller refers
to a hardware device that includes a memory and a processor
configured to execute one or more steps that should be inter-
preted as its algorithmic structure. The memory is configured
to store algorithmic steps and the processor is specifically
configured to execute said algorithmic steps to perform one or
more processes which are described further below.

Furthermore, the control logic ofthe present invention may
be embodied as non-transitory computer readable media on a
computer readable medium containing executable program
instructions executed by a processor, controller or the like.
Examples of the computer readable mediums include, but are
not limited to, ROM, RAM, compact disc (CD)-ROMs, mag-
netic tapes, floppy disks, flash drives, smart cards and optical
data storage devices. The computer readable recording
medium can also be distributed in network coupled computer
systems so that the computer readable media is stored and
executed in a distributed fashion, e.g., by a telematics server
or a Controller Area Network (CAN).
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The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “comprises” and/or “com-
prising,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items.

FIG. 11is a diagram showing a fuel cell system according to
an exemplary embodiment of the present invention, FIG. 2 is
a flowchart illustrating a method of operating a fuel cell
system according to an exemplary embodiment of the present
invention, FIG. 3 is a weight table of a fuel cell system
according to an exemplary embodiment of the present inven-
tion; FIGS. 4 and 5 are diagrams for illustrating a method of
operating a fuel cell system according to various exemplary
embodiments of the present invention; and FIG. 6 is a graph
showing the effects of a fuel system according to an exem-
plary embodiment of the present invention.

FIG. 1 shows a fuel cell system according to an exemplary
embodiment of the present invention, in which the fuel cell
system includes an air discharge part provided on an anode of
a fuel cell; and a controller that is configured to measure
purging cycles of recirculated hydrogen and an operating
temperature of the fuel cell and operate the air discharge part
based on the measured values to reduce or prevent poisoning
of the anode.

At cold start and low temperature-operation times, there is
a higher probability of fuel-starvation due to a channel block
by frozen moisture or condensed water on the hydrogen side.
In addition, when the hydrogen purging period is extended or
purging time is shortened for the purpose of improving a
hydrogen utilization rate and fuel efficiency, there is a higher
probability of fuel-starvation due to an increased nitrogen
concentration on the hydrogen side.

Accordingly, CO is heavily produced on the anode due to
lack of hydrogen. As a result the catalyst becomes poisoned/
damaged by and then the stack performance deteriorates. This
is why it is important to blow air into the anode in order to
convert CO into carbon dioxide (CO,). This process is often
referred to as air-bleeding in order to recover stack perfor-
mance.

Therefore, during an idle-stop interval or shut-down inter-
val of the fuel cell vehicle, air-bleeding is periodically per-
formed so that CO contaminants on the hydrogen side are
removed by the CO reduction reaction and thus the stack
performance may be recovered. Further, as shown in FIG. 3,
the period and duration of air-bleeding may be determined
based on, for example, operating temperature T, hydrogen
purging period Q, and hydrogen purging time t.

Specifically, variables in calculating weights may include
an operating temperature of a fuel cell, a hydrogen purging
period, and/or a hydrogen purging time. The hydrogen purg-
ing period is determined based on the charge amount calcu-
lated by operating a fuel cell. For example, if 2000 C is
considered depending on operating conditions, hydrogen
purging is performed when the charge amount reaches 2000 C
by integrating currents and times.

The controller may calculate weights based on the purging
period and purging time of recirculated hydrogen and the
operating temperature of the fuel cell, and operate the air
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discharge part when the weights exceed a particular value for
a given operating period of the air discharge part.

For example, the controller may calculate weights during a
corresponding interval at every hydrogen purging period,
may sum the calculated weights with previously calculated
weights, and may operate the air discharge part when the
accumulated weights exceed a particular value for the given
the operating period. That is, in this case, weights are calcu-
lated at every hydrogen purging period, and the weights cal-
culated at every hydrogen purging period are summed
accordingly.

In this case, the controller may calculate the weights based
on a hydrogen purging period/cycle and purging time and an
average operating temperature of the fuel cell at every hydro-
gen purging period. Further, if the accumulated weights
exceed a particular value for the given operating period, the
controller operates the air discharge part when the fuel cell is
idle-stopped or shut down, and re-initializes the accumulated
weights calculation.

For another example, the controller may calculate weights
based on the purging period/cycle and purging time of hydro-
gen and the operating temperature of the fuel cell during the
corresponding interval regularly, may sum the calculated
weights with previously calculated weights, and may operate
the air discharge part when the accumulated weights exceed a
particular value for a given operating period of the air dis-
charge part. In this case, the weights are calculated regularly
and consistently, and are not synchronized with the hydrogen
purging period.

Accordingly, in this case, the controller may calculate the
weights based on an average hydrogen purging period, a
hydrogen purging time, and an average operating temperature
of the fuel cell in the corresponding interval regularly. Then,
the calculated weights are summed and accumulated to be
compared to a particular value for the operating period.

FIGS. 4 and 5 illustrate the sequence thereof in detail. FIG.
4 illustrates the case where weights are calculated at every
hydrogen purging period and summed, in which the weight
calculation is initialized when air is discharged. Weights are
calculated at the hydrogen purging period, i.e., 1 k C (1000
C). In this case, as shown in the table in FIG. 3, the weight in
the corresponding interval is calculated as 8. Weights are
calculated and summed in the same manner in the later inter-
vals. When the accumulated weights exceed the particular
value of the operating period of (e.g., 20 and reach 21), air is
discharged at the time of idle-stop or shut down.

FIG. 5 illustrates the case where weights are calculated
regularly, e.g., at every 30 seconds, in which weights are
calculated by substituting an average operating temperature,
an average hydrogen purging period, and a hydrogen purging
time during the corresponding interval in the table in FIG. 3.
Likewise, the accumulated weights are compared with the
operating period to perform air discharge, and then the accu-
mulated weights calculation is re-initialized.

Specifically, a fuel cell system according to an embodiment
of the present invention includes an air discharge part 100
provided on the anode of the fuel cell, in which an air inflow
line A is branched as a line A1 blowing air into the cathode 10
and a line A2 blowing air into the anode.

The air discharge part 100 may be provided in a hydrogen
circulation line, which includes a line H via which hydrogen
flows in thereto or a line H1 via which hydrogen recirculates
therein, and CO is exhausted being reduced to CO, by blow-
ing air into the existing hydrogen circulation line, to prevent
poisoning of the catalyst.

Typically, a hydrogen inflow manifold H is disposed on the
anode for inflow of hydrogen. In the embodiment shown in
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FIG. 1, the air discharge part 100, which is a separate
mechanical component, is provided for blowing air into the
anode 20 as necessary. With this, CO is exhausted by being
reduced to CO,, thereby preventing the poisoning. If the air
discharge part 100 is provided in the hydrogen inflow mani-
fold, it exhibits the maximum effect since air is directly blown
into the anode.

To this end, the controller 200 measures the purging period/
cycle of recirculated hydrogen H1 and the operating tempera-
ture of a fuel cell, and operates the air discharge part 100
based on the measured values to cancel the CO poisoning of
the anode. Specifically, the controller may increasingly oper-
ate the air discharge part 100 as the purging H2 of the recir-
culated hydrogen H1 is reduced. That is, fuel efficiency is
increased by recirculating the used hydrogen back to the
anode, some of which is purged H2 in order to be mixed with
discharged air and exhausted outside of the system. Accord-
ingly, as the purging amount of the recirculated hydrogen is
reduced, the concentration of hydrogen newly provided into
the anode is lowered due to nitrogen, vapor or the like
included in the recirculated hydrogen, such that lack of
hydrogen occurs and accordingly CO is overly generated to
poison the catalyst.

Therefore, since CO poisoning occurs more frequently
when the purging of hydrogen is weaker, the poisoning is
prevented by increasingly operating the air discharge part as
the purging of hydrogen is reduced.

Moreover, the controller 200 may increasingly operate the
air discharge part 100 as the operating temperature of a fuel
cell is lowered. This is because that more moisture is gener-
ated on the anode at lower operational temperatures of a fuel
cell and thus there is a higher probability of the poisoning. In
order to prevent poisoning, the air discharge part is operated
more frequently at lower temperatures (e.g., below 0° C.).

Accordingly, the controller 200 may calculate weights
based on the purging period and purging time of recirculated
hydrogen and the operating temperature of the fuel cell, and
operate the air discharge part when the weights exceed the
operating period of the air discharge part 100. The calculating
of'weights and the operating time of the air discharge part are
the same as in the embodiment described above, and thus a
further detailed description is omitted to avoid repetition.

As shown in the table in FIG. 3, the purging period and
purging time of the hydrogen and the operating temperature
of the fuel cell are divided into intervals each with a score
(grade), and the scores are summed. When the sum of the
weights exceeds a particular value associated with a given
operating period, air is blown into the anode. Further, for the
hydrogen purging periods, the actually measured charge
amount may be multiplied by the value of A to be compared
with the table. For the purging times, the value of A may be
multiplied by a tuning factor to be quantified, and then may be
determined accordingly.

Meanwhile, if air is blown into the anode while it is oper-
ating, the performance of a fuel cell may drastically deterio-
rate or other side effects may occur. Accordingly, the control-
ler 200 should preferably operate the air discharge part when
a fuel cell is idle-stopped. That is, the controller operates the
air discharge part 100 as soon as the weights exceed the
particular value associated with the operating period and the
fuel cell is idle-stopped, to prevent poisoning of the catalyst.
As such, the controller 200 may operate the air discharge part
once the fuel cell is shut down.

That is, the controller 200 operates the air discharge part
only when the fuel cell is idle-stopped in most instances, but
when the particular value is exceeded while the vehicle is
running, the controller may operates the air discharge part
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later on when the vehicle is eventually shutdown. By doing
s0, it may be possible to prepare a later operation.

FIG. 2 is a flowchart illustrating a method of operating a
fuel cell system according to an embodiment of the present
invention. The method includes measuring, by the controller
a period of hydrogen purging, a time of the purging and an
operating temperature of the fuel cell system (S100, S200,
S300); calculating, by the controller, weights based on the
values measured by the controller (i.e., a period of hydrogen
purging, atime of the purging and an operating temperature of
the fuel cell system) (S400); comparing, by the controller, the
weight with a particular value for an operating period of the
air discharge part (S500); and operating, by the controller, the
air discharge part when the weight reaches the particular
value for the operating period and the fuel cell is idle-stopped
(S800).

The method may further include, after the operating step,
operating the air discharge part when the fuel cell is shut down
when the weights reach the particular value during the opera-
tion period but is not yet idle or stopped (S700).

More specifically, in the above method, at first, the purging
period and time of the hydrogen are measured, and the oper-
ating temperature of the fuel cell is measured (S100, S200,
S300). Then, the measured values are summed to calculate
weights (S400), and the sum of the weights is compared with
the particular value for the operating period (S500). If the
weights exceed the operating period (S600), air-bleeding is
performed during idle stop (S800), and if the fuel cell is shut
down without idle stop (S700), air-bleeding is performed
during the shutdown (S800).

Further, as described above with respect to the two embodi-
ments, in the comparing (S500), weights may be calculated
based on the hydrogen purging periods, the purging times,
and the operating temperature of a fuel cell during the corre-
sponding interval at every hydrogen purging period and may
be summed up with previously calculated weights, and the
accumulated weights may be compared with the particular
value for a given operating period.

Alternatively, during the comparison (S500), the controller
may calculate weights based on the purging period/cycle and
purging time of hydrogen and the operating temperature of
the fuel cell during the corresponding interval regularly and
may sum the calculated weight with previously calculated
weights, and the accumulated weights may be compared with
the operating period of the air discharge part.

FIG. 6 is a graph showing the effects of the fuel cell system
according to the embodiment of the present invention, from
which it can be seen that the efficiency of the fuel cell after
reducing the amount of CO gases compared to that before
contamination, and the efficiency of the fuel cell after air-
bleeding that the illustrative embodiment of the present
invention is able to recover the fuel cell back to or better than
its previous efficiency before contamination.

Advantageously, according to the fuel cell system and the
method thus configured, the condition of the fuel cell can be
optimally maintained by performing air-bleeding relatively
accurately even without the use of a separate hydrogen con-
centration sensor or a CO sensor.

Although the present invention has been described with
reference to particular embodiments, it will be obvious to one
skilled in the art that various changes and modifications can
be made to the present invention without departing from the
scope of the present invention defined in the appended claims.

What is claimed is:

1. A fuel cell system, comprising:

an air discharge part provided on an anode of a fuel cell;

and
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a controller configured to measure a purging period of
recirculated hydrogen and an operating temperature of
the fuel cell, and operate the air discharge part based on
the measured purging period and the operating tempera-
ture to prevent the anode from being poisoned.

2. The system according to claim 1, wherein the air dis-

charge part is provided in a hydrogen circulation line.

3. The system according to claim 1, wherein the air dis-
charge part is provided in a hydrogen inflow manifold.

4. The system according to claim 1, wherein the controller
operates the air discharge part more frequently as the purging
of recirculated hydrogen is decreased.

5. The system according to claim 1, wherein the controller
operates the air discharge part more frequently as the operat-
ing temperature of the fuel cell is lowered.

6. The system according to claim 1, the controller calcu-
lates weights based on the purging period and a purging time
of recirculated hydrogen and on the operating temperature of
the fuel cell, and operates the air discharge part when the
weights exceed a particular value associated with an operat-
ing period of the air discharge part.

7. The system according to claim 6, wherein the controller
calculates weights during a corresponding period at every
hydrogen purging period, sums the calculated weights with
previously calculated weights, and operates the air discharge
part when the summed weights exceed the particular value
associated with the operating period.

8. The system according to claim 7, wherein the controller
calculates the weights based on the hydrogen purging peri-
ods, the purging times and an average operating temperature
of' the fuel cell at every hydrogen purging period.

9. The system according to claim 6, wherein the hydrogen
purging period is an amount of charges generated by the fuel
cell.

10. The system according to claim 6, wherein the control-
ler, when the summed weights exceed the particular value
associated with the operating period, operates the air dis-
charge part when the fuel cell is idle-stopped or shut down,
and re-initializes a summed weights calculation.

11. The system according to claim 6, wherein the controller
calculates weights based on the purging period and purging
time of hydrogen and the operating temperature of the fuel
cell during the corresponding interval regularly, sums the
calculated weights with previously calculated weights and
operates the air discharge part when the summed weights
exceed a particular value the operating period of the air dis-
charge part.

12. The system according to claim 7, wherein the controller
calculates the weights based on an average hydrogen purging
period, a hydrogen purging time, and an average operating
temperature of the fuel cell during the corresponding interval
regularly.

13.The system according to claim 1, wherein the controller
operates the air discharge part when the fuel cell is idle-
stopped.

14. The system according to claim 1, wherein the controller
operates the air discharge part when the fuel cell is shut down.

15. The system according to claim 1, wherein the controller
operates the air discharge part when the fuel cell is idle-
stopped, and operates the air discharge part once the fuel cell
is shut down.

16. A method of operating the fuel cell system according to
claim 1, the method comprising:

measuring, by a controller, a purging period and a purging
time of recirculated hydrogen and an operating tempera-
ture of a fuel cell;
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calculating, by the controller, weights based on the purging calculating weights based on the purging period and purg-
period and the purging time of recirculated hydrogen ing time of hydrogen and the operating temperature of
and the operating temperature of the fuel cell to compare the fuel cell during the corresponding interval regularly;
the calculated weights with a particular value associated summing the calculated weight with previously calculated
with an operating period of the air discharge part; and 3 weights; and
operating the air discharge part when the weights reach the comparing the summed weights with the particular value

associated with the operating period of the air discharge
part.
20. A non-transitory computer readable medium contain-
10 ing program instructions executed by a processor within a
controller for operating the fuel cell system according to
claim 1, the computer readable medium comprising:
program instructions that measure the purging period and
the purging time of recirculated hydrogen and the oper-
15 ating temperature of the fuel cell;
program instructions that calculate weights based on the
purging period and the purging time of recirculated
hydrogen and the operating temperature of the fuel cell
to compare the calculated weights with a particular value
20 associated with an operating period of an air discharge
part; and

particular value associated with the operating period of
the air discharge part and the fuel cell is idle stopped.
17. The method according to claim 16, further comprising,
waiting to operate the air discharge part until the fuel cell is
shut down when the weights reach the particular value asso-
ciated with the operating period of the air discharge part but
the fuel cell is not idle-stopped.
18. The method according to claim 16, wherein the com-
paring includes:
calculating weights based on the purging period and purg-
ing time of hydrogen and the operating temperature of
the fuel cell during the corresponding interval at every
hydrogen purging period;
summing the calculated weight with previously calculated
weights; and . . L
comparing the summed weights with the particular value program instructions that operate the air discharge part

. . : . g hen the weights reach the particular value associated
ted with th t d of the air disch: W s P
af;?”‘ eawt ¢ Operalifig perioc o1 the atr discharge with the operating period of the air discharge part and the

19. The method according to claim 16, wherein the com- » fuel cell is idle stopped.

paring includes: I T S



